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Let the syntactic variables be l ,2~ 3. . .~~~~ an~ word:~ wi~~l ~e

cv’n ote ( . x , :~ , z , e tc  . In t r o d u c e  t h .’ mnt , r

(1) P ( x )  =

~~‘~~~° (x) is the prob ab~~Li ty  of re ’.:n ,! ~~~~ I -
~ .~x , and the

.r ~~ct c~~

r (x )  =
1

where  r . ( x )  is the orobab i l ity  of r ewr i t in i~ i -
~ x (see Grenander ’s

paper in Weyman ~e st s c h ri f t  for  f u r t h e r  de ta i l s  and equa t ion  (
~

)

i~sed b e l o w) .

When we s e n e c h  for  the  s y n t a c ti c  var iab les  I t  may be best  to

or~.anize the search  f rom belo . .~ I o l l cw ir : r ,  a ~~~‘~ae st I o n  by henry

Kucera . This means that we f i r s t  t r y  to oroun wor ds into classes

C~~,C 2 , . . . , c , then  group class es in to  hI~~her  .~vnl classe s and

so on. It se ems as if t h i s  wou d re~iucc the ch effort

drastically since the number of words n~ Is :m~ch larger than the

nunser a~’ s v n t n e  c c l a c s c s  n
V

Wnen we do t h i s  we have to  ~:roceed :;y te :Y~~a~ for linouistic

e s v a l ~ nco  s i r~~la riy  to method in aper on a b du o t i o n  m a c h i n e .

Twe words x en d  , are saI d  to be O I L  va ~nt  , t t c n  as x

if nxv an d  uv v  ;~re e i t her  b o t h  ~r ~tIs~ I cv both non—~ ramma ti ca 1,

U an -~~v a r ’c~~t r arv  Iex~~oe~. str~o

The search Il doson i  cruc ~n l l s  ~a hew di ?t ’ i cult  it. is to

a from by e~ s ~vaienoe wh’ o th. v :n not  equIvalent.

‘ne t i  ohI o IS t . ’; w h ~’n ~:e test with a nod v , a negat Ive  answer

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _
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is enoac~h to cs~ nblisb x Z y, but a oos..tive ans ’~:er is not, in

principle we wou l d  havi ’ to  go t h r o ugh  all  u and v .

Lemma I. The s t a u e n c n t  a :.~~ th~ n~ ’~~ .‘~~~~ ~o ~ay that P ( u x v )  and

ave b o t h  ocro or not  : n : o , :ili and v s L v .~.n ~~S .

:h eod : ~or a give n l e x .~cal s tr i n g  b = a , ,x~ , . . . x  we get  the

n robabi i ty

( 3 )  ~‘(3 )  = dP (x 1) P ( x ~~) . . . P( ’ :  ) ‘ ( a )

where  d Is the  vec tor  (1 , 0 , 0 , .  . . 0 ) .  We know ~vov .  our oavli~ r wor k

however , tha t  S be ing  grammatica l  is the  same as P ( S )  b e i n g

pos i t iv e , hence our s t at e m e n t  corr ect , and we sh al l  see tha t  (3 )

can be used to c lear  un the sI t u a t i o n  move .

rae  ‘ U n C t I o n  o~’ ~‘:o S O L I S  a r n

( L i ) d ( x , y )  = m~ x {~ p1 . ~’~~~1~ H } + s rn.:~ v . ( x ) — r . ( y )  } .

Lemma 2. The function is a noeuci o d ’~s ’::~n se

(a) d > 0 .  d ( x , x )  = 0

(h)  d ( x , y )  = c i ( y ,x )

( c )  d ( x , z )  <

(a ) rv~d (b) are obvJeas . We have

( d ( x .z )  = :sox ~~: n~ ( x ) - s . ( n ~ j } + H ( x ) - v . (~~
)

< r r a x {E  p ( v ) . . .~~ ( :~) } + :‘v a . . ( y ) — p ~~. ( 
~ ) +

max~ r.(x)-r. (y) + m a x J v . ( y ) . - v . ( : :)~~) = d ( x ,y ) ± J ( y , s ) .
‘I

I L  
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Note  however  tha t  d ( x ,y )  0 does not  Imp ly  x=y , i t  only

means that  P ( x )  = F ( y )  and r ( x )  r ( y ) .  Put u s i n g  Lemma 1

th i s  means that  x S y so that t h a  psr ’L:do d i st an c e  cenara tes  the

wo ods j a the (I c i ~ lone  ry  L n t  o oaU~ v a lence  c ]atssco . Also x y

does not imply ‘i ( x ,y )  C .  It In a ] s o  c ) e a ’ L t h a t

ci < 2 sinc e 1 ~p.  . ( x ) - 4 - r . ( x ) J  = 1.
—

We can now get a hound on how dif fLc~~ t it Is to separa te

x fr om  y by the  t e st in g  p r o c e d u re  m en t i o n e d  above . We have

u sing  (3 )  for N = anal 5’ = •X ~, l~~ r+l ’

(6 )  p ( N )  — P ( N ’ )  = c i :P ( : :_j . • . : (x  1) 1( x)F ( : ’:~~~1 ) . . . r ( x )

_ cn I ~(~ ) .. ‘~( ‘z ) r ( v) ? ( x , ) . . . n’~ x ) 1  =r— l

= d; p ( x ) — p ( y ) J P r ( x ~~) .

The matrix P ( x )  has now bounded by 1 since

Y,~) ~[ 1 ~(x )  n ra  ~ p .  .(x) < 1

I j

A~ an d I so t ha t

!1(~~) - P ( N ’ )  < J~? (x ) - P( y )  J < d ( x ,y )

when Lu not  e m p t y .  LI ’ v Is 
~ :- , ~o t h a t  the

:; a t e n r ’n  end ta  x and y re ~r o t i v e i y , w~ get  i n s t ea d  w i t h  a

s l ab i an  aegurs ~ at ,

C S )  ( s ) — 1 ( N  ‘ ) ! r ( x ) — r ( y )  < d ( x ,y )  .

_______ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~ - -
~~~
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Henc e we have

Theorem 1. The d i f f ~ r onco  in t e s t -  n r e h n b L U t ~~es for  tw o  werd s

x and :, is hou cd bm

(9 )  j N(s )- PH) I < d ( x ,y ) .

It is known a t  p r e s e n t  bow sham tb. :. s ‘:.n~- -~ue.lit:~’ is .

W~ now s tar t  the  a b d u c t i o n  from be l ow a n i  cons ide r  the

d i c tIo n a r y  D = ~l , 2 a ,, ) , to begin  w : .th  cons ide r  as a s ingle

class called I.

Pa r t i tion  A l g o r i t h m :  Af t e r  t sen tences  have been heard ~ has

beer . p ar t it i o n ea  In to  Classes  c 1, c 2 ,. . . , e~ , mutual l-~ dis~ oint

and e x h a u s t i ve .  Wh en s entence  N o .  t+ 1 is hoard , N = uxy one

wo ro x appea r in g  in It Is p i ck e d  ( s y s r e i n t t l c a i L i v  or at r an lo m?)

and replaced b an o th e r  word ~ in th e  some class  c ( x ) .  The

f o l l o w i ng  ac t i on  is taken . -

( a)  if N ’  = uyv is grammatical  n o th ~ nr’ -
. don e and the

a lg o r it h m  loop s to  the  next  s ent ence .

( b )  if S’ uy V is not gmare~a ti ca i  ~ Is removed fr om

class c c x )  and we move to ( c ) .

( c )  s ta r t  a new loop going t h r o ugh  al l  tue ot h e r  classes

c . ,  c . ~ c ( x )  . In each n i c k  a word  a ( n y u  t n - nt : cal ly  or at

x ’un : io n )  end  t e st .  ~ a’ a as b ’~~o~’e . vs t t ime the

answer is p o~ It i~~ mov e x to t h .~ s class. O r h n i a : i s e  move to ( d )  .

Cd )  crea t~ a ne’: class c~~ , con s ~~~~ uf  ,~us t x.  Then

mo ’~• ’ b a n k  to nt~ rt

-~ ~~~~~~~~~~~ ____________ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~‘
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A realization of thIs scheme may look l ike  N i g u r e  1. N ote

that the storage r ’oaui rement for t h i s  scheme L u  very  m o d e s t :

a vector of l e n gt h  n ,,1 w h o s e  e nt r i e s  ore ~n teg ~-vn .

O’ course ste~ ( c) cani f-s Li to estuhl t uh a negatIve answer

w i t h  pox Ltive ornbabilit :/ . I guess , but thi may be wrong, that

the performance would Improve by the  fo 11c.:in-~ m o di f i c a t i o n .

C c ’)  same as C c )  e ::cept t h at  P words are n i c k e d  ( w r hous

roolacosar-it) f rom each class. TI all lead to r n : L t i v o  a n s w e r s

put  x on ta~ s class , otsuarwise go on to tao n ext  c lass , e t c .

R could he caU ed t h e  r ep l i ca t i o n_ nu mb ’r.

~~~~~~ 
I L : :  

‘H H 
,H :~~ 

‘

2 1 1 1 1  1~~, l t  I ,

3 i
1 1 ~ 2 6 2~ 2 1 2

5 1 ~~1 H. L I  I 1

7 t l ’ 1 1 L ~~~~
L l I II~~~~~~i -

4 H L  H I  I H  3~~
9 1 1 1  1 3~~~ 3 3 , ~~~
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‘~~I’ :-r ~ m:’le:-.~ ntin~. the oar t ti-cn e. i --s ’g a :or ab du c t i o n ,
l c t  us rn.’r’; eat. an ox~-r ’r L m e n t  as “o I ~-w . ; 

~o - a I a non e Las i h t
in :tu func;Ion ,evy and ( acL: o~k) :0-n - m at 

~
- . - :~~:cI~-nt :. ::.
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Def in e  a p r o b ab i l i ty  measure n oven ’ t i a~ d L c t i  on ar . Say

thai ; the L P U O  pe Ot ~.

( ( ,  = :~- ‘ 
. - -I ‘- - - ~~~~‘ 1

( 10)  ~ = ~~~~~~~~~~~~~~~~~~~~ ~ )

and say th at if : - : G c . ,  ;- - G e .  t h en  t :ao b u s s  -~~1~ ~~vo n~ gative

ans wer wi t h  a p r obab.L l i t y  c i . .  , ci n ond k-- ’ - Im - ’:e-en t :ae class

I n d ex .  Lot us c oos— ’

I = 0 (this is not necessary , m’i’ wips)

I 
0 < d . . < l

and let us also nar -:e ci. . In t o  a d i s t a n c e .  1. ‘aL - - L v  ch oic e  would

be

( 12)  d 1.  = ~~L—J_ 
-

SImulate the sre-ccmnu-o and count numb ’--” ~~
- t ’ unt il true

partition has been reached . The ne-an au-*~- ; ’ o;’ tests is an

ap nr on r lat e  n umL - e i’ of con u t at l o n a l  wor - :  i’-~- -:: a~ red by the  a lgor i thm . -‘

Finally a remark about a distance measure t”r- - .’een two oartitions

described by tb ’ Inc id-once r:;at~’jces N and :- ‘ . ~~ -: two elements x and

~ at ~~r~ o’n ai~ c- ’ L O  ~ ‘c eba ‘ 1 “ ( x c  )
-

- 
- 

:-~~‘ 
-

~

___________ 
This ; vu’I b llty In a dixt-m ’’~ .
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D~~D \, {( X  H ~ ( :-: E H)

( 13 )

~ p o
- - ‘ ‘ ‘ ‘~~~~~~~~~ ‘ •

This is a i1 —mot aL-c so that -  the  st a t e m e nt  In  ~~~ ‘r - lemma Is t r u e .

It nay be more natural to r enl ace ( 1’ ) by

(1l~) d (x ,y) = max H H . . C x ) _ ~m : i ( y ) I }

where we have dr-Iir.cd n. (x) = r. (a)


